S. Achelle, and F. Robin-le Guen
Leave this area blank for abstract info. Dyes.
During the past decades, there has been a great interest in the synthesis of π-conjugated pyrimidine derivatives due to the potential applications in optoelectronics. 1 Indeed the pyrimidine, which is a highly π-deficient aromatic heterocycle, can be used as electron withdrawing part in push-pull structures for intramolecular charge transfert (ICT). An important ICT is a key parameter to obtain luminescent and Non Linear Optical (NLO)
properties.
Since their first design by Vanden Eynde and coworkers in 2001, 2 4,6-diarylvinylpyrimidines have become a well established design for luminescent dyes with sensing applications 3 second order NLO materials 4 and Two Photon Absorption (TPA) chromophores. 5 Recently we have also described 4-arylvinylpyrimidines that can be used as metal cation sensors, 6 duplex DNA sensors 7 and second order NLO chromophores. 8 Even if some 2-arylvinylpyrimidines have been described for their biological activities, 9 to the best of our knowledge, the photophysical properties of these derivatives have not been studied.
In continuation of our work dedicated to diazine dyes, the aim of this paper is to describe the synthesis and photophysical properties of two series of 2-and 4-arylvinylpyrimidines. The two families of molecules will be thoroughly compared in term of absorption and emission properties.
Two main methods have been described for the synthesis of (E)-arylvinylpyrimidines: The use of cross coupling reactions with halogenopyrimidines 10 and the condensation of aldehyde with methylpyrimidines. 2,3a,4,5a-f,6a,8 The latter approach has the advantages of a wide range of commercially available aldehydes and the use of environmentally friendly conditions in most cases.
2-methylpyrimidine 1 and 2,4-dichloro-6-methylpyrimidine 3 (Scheme 1). It should be noted that the -electron deficient character of the pyrimidine ring make easier the oxidative addition of palladium to a chlorine-carbon bond in position 2, 4 and 6 without the use of specialized and expensive ligands. 12 Nevertheless the addition of palladium it a bit more difficult in position 2 and require a longer reaction time (24h for compound 2 vs 48h for compound 4). The synthesis of aryvinylpyrimidines 5 and 6 has been carried out by condensation reaction between the methylpyrimidines 2 and 3 para-substituted benzaldehyde in boiling aqueous 5M NaOH using Aliquat ® 336 as a phase transfer catalyst according the method initially described by Vanden Eynde (Scheme 2 and 3). 14 Compounds 5 and 6 have been obtained with moderate to good yield. It should be noted that no significant difference in reactivity has been observed between methyl in positions 2 and 4 of the pyrimidine ring. 5a R = OMe 65% 5b R = SMe 81% 5c R = NMe 2 57% 5d R = NPh 2 74% 5e R = 72% N 2 Scheme 2.
The UV-Vis and photoluminescence (PL) spectroscopic data of compounds 5 and 6 measured in dichloromethane at 25°C are presented in table 1. Analyses have been carried out using low concentration solutions (1.0 x 10 -5 to 3.0 x 10 -5 M for UV/Vis spectra and 1.0 x 10 -6 to 3.0 x 10 -6 M for PL spectra). As an example, the spectra for derivatives 5d, 6a and 6d are shown in The changes in the UV-Vis spectra of 5d and 6d upon progressive addition of acid are illustrated in Figures 3 and 4 . The spectra show the progressive attenuation of the absorption band for the neutral compound on increasing the concentration of acid, whereas a new redshifted band corresponding to the protonated species appeared. It should be noted that for compound 6d, for a concentration of TFA = 10 -2 M and even more for a concentration of TFA = 10 -1 M, absorption band is red-shifted probably due to the impact of the increasing solvent polarity (CH 2 Cl 2 + TFA) on the highly polar protonated compound. 15 As described in Table 2 , a red shift of the absorption band is observed upon addition of TFA (c = 10 -2 M) except for compounds 6c and 6e bearing protonable amino group: in these cases a blue shift of the absorption band is observed. Such phenomena has been already observed with arylvinyldiazine substituted with amino groups. 8, 16 It should be noted that the same blue shift is not observed for compounds 5c and 5e. In an effort to gain further insight into the photophysical process within these pushpull molecules, we investigated the emission behaviors of compounds 5 and 6 in different aprotic solvents. The results of these investigations are summarized in Table 3 . As an example the emission spectra in various solvents for compound 5d are shown in Figure 6 . For all compounds, a bathochromic shift of the emission band is observed with increasing solvent polarity as predicted by Dimroth-Reichardt polarity parameter (E T (30)). 17 In contrast, the absorption wavelength is not significantly shifted. Broad structureless emission and larger Stokes shifts were observed for polar solvents. The correlation of the emission maxima with E T (30) is represented in Figure 7 and in supporting information and was found to be positively linear for all the compounds. This solvatochromic behavior, which results from the stabilization of the highly polar emitting state by polar solvents, is typical for compounds exhibiting an internal charge transfer upon excitation and has been fully documented with donor-acceptor fluorophores. 18 When comparing for each substituent the emission solvatochromic range expressed as a wave number for 2-arylvinylpyrimidines 5 and 4-arylvinylpyrimidines 6, it appears that this range is much higher for compounds 5 than for compounds 6. Moreover the slope of the emission maxima versus E T (30) is higher for 2-arylvinylpyrimidine 5 than for 2-arylvinylpyrimidine 6 for each substituent. This seems to indicate that the internal charge transfer is more important in compounds 5 than in compounds 6 and therefore that 2-substituted pyrimidine is a better electron-accepting group than 4-substituted pyrimidine. It should be noted that in polar solvent for amino derivatives 5c and 5d the emission intensity decreases dramatically, it was not observed with the other compounds studied. To conclude, we have efficiently synthesized two series of donor substituted arylvinylpyrimidines from 4-methyl and 2-methylpyrimidine derivatives. This is the first example for condensation of aldehyde on 2-methylpyrimidine derivatives. We have shown that the absorption and emission maxima are generally blue shifted in case of 2-arylvinylpyrimidines 5 when compared with 4-arylvinylpyrimidines 6. The influence of the position is less predictable in term of quantum yield. Similar halochromism phenomena have been observed in the two series of molecules. An emission solvatochromism study has shown that a higher intramolecular charge transfer seems to occur in 2-arylvinylpyrimidines 5 than 4-arylvinylpyrimidines 6. Donor substituted 2-arylvinylpyrimidines seem therefore to be really interesting structures for NLO properties. Investigations in this direction are currently carried out.
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